Since it was introduced in 1999, the da Vinci Surgical System has become an integral tool in urologic surgery, specifically in the management of localized prostate cancer. The original technique of robot-assisted laparoscopic prostatectomy (RALP) was developed and standardized in 2000 at the Institut Mutualiste Monsouris. Since that time, the technique of RALP has undergone various modifications. The driving force behind the evolution of the RALP technique in the past decade has been based on efforts to improve upon the three main objectives of surgery, namely the 'trifecta' of cancer cure and the preservation of potency and of urinary continence. In this review, we aim to provide an update on the midterm oncologic outcomes of RALP and focus specifically on two technical modifications that have been introduced in an effort to optimize the outcomes of potency and earlier return of urinary continence.
Background
Introduced in 1999, the da Vinci Surgical System (Intuitive Surgical Inc, Sunnyvale, CA) was initially designed for use by cardiac surgeons for coronary artery bypass surgery. Soon thereafter, it was employed by urologists to facilitate the challenging procedure of laparoscopic radical prostatectomy, a procedure which was associated with a steep learning curve and long operative times [Schuessler et al. 1992] . The use of robot assistance during prostatectomy has reduced many of the technical challenges associated with laparoscopic prostatectomy. The first reports that were published on the use of robot assistance highlighted the advantages in visualization, suturing and dissecting, as well as the improved ergonomics in comparison with the laparoscopic approach [Tewari et al. 2002; Binder and Kramer; 2001] .
The early robot-assisted laparoscopic prostatectomy (RALP) was approached via the Montsouris technique which had been standardized by Guillonneau and Vallancien at the turn of the century [Guillonneau and Vallancien, 2000] . In the Montsouris technique, a transperitoneal approach is taken, beginning with posterior or retrovesical dissection of the vasa and seminal vesicles and incision of Denonvillier's fascia followed by anterior dissection and incision of the endopelvic fascia. The bladder neck is then dissected before performing dissection of the lateral surface of the prostate with release of the neurovascular bundles (NVBs). The venous complex is then controlled and sectioned during apical dissection, after which the urethrovesical anastomosis is performed in an interrupted fashion. Finally, the specimen is placed in an endoscopic bag and removed. Tewari et al. [2002] reported their initial modifications to this technique on the basis of their experience with 30 patients. These modifications subsequently evolved into an anterior approach to robotic prostatectomy, which has been refined over the past 6 years [Menon et al. 2003a ].
The driving force behind the evolution of the RALP technique in the past decade has been based on efforts to improve upon the three main objectives of surgery, namely the 'trifecta' of cancer cure and the preservation of potency and of urinary continence. In this review, we aim to provide an update on the midterm oncologic outcomes of RALP and focus specifically on two technical modifications that have been introduced in an effort to optimize the outcomes of potency and earlier return of urinary continence.
Midterm oncologic outcomes of robot-assisted laparoscopic prostatectomy
Surgical margin status and biochemical recurrence have historically been used as surrogates for oncologic efficacy following radical prostatectomy. With experience, positive surgical margins for both pT2 and pT3 stages have improved based on published outcomes with pT2 and pT3 positive margin rates of approximately 510% and 3035%, respectively, in the most recent and largest series (Table 1) .
With regards to biochemical recurrence, Badani et al. reported on their large series of 2766 consecutive RALP patients with a mean follow-up period of 22 months. Their overall 5-year actuarial biochemical free survival was 84% and 84% for pT2 and 66% for pT3 patients. It should be noted that their patient population included higher risk patients than most reported series with Gleason scores !7 in 64% and pathologic stage !pT3 in 22% of their patients . In a retrospective comparison of biochemical recurrence between RALP and a contemporary series of radical retropubic prostatectomy (RRP) performed at a single center, no difference was found between the two groups after controlling for clinical and pathologic features [Schroeck et al. 2008 ]. Nevertheless, further scrutiny and follow up are required to assess the long-term efficacy of cancer control with RALP despite these promising results.
Technical modifications
Improving quantitative and qualitative cavernous nerve preservation In 1998, Walsh published his findings from dissections in stillborns and step section whole mount adult cadaveric studies of the autonomic innervation to the bladder and prostate [Walsh, 1998] . This was the first insight into the location of the cavernous nerves responsible for penile erections and helped to develop an anatomical approach to nerve-sparing radical prostatectomy. Originally described as two bundles of tissue coursing along the posterolateral surface of the prostate, the NVBs have since been shown to be much more complex. Evidence continues to accumulate in support of a more variable nature to the anatomic course of the NVB. In 2004 Costello et al. through detailed anatomic dissections of adult cadavers, found the NVB to be organized into three functional compartments: (1) neurovascular supply to the rectum;
(2) neurovascular supply to the levators; and (3) neurovascular supply to the prostate and cavernosal nerves [Costello et al. 2004 ]. This functional organization is not absolute and is noted to be much less pronounced at the proximal aspect of the NVB. Beyond this, however, each of the three compartments was found to have a typical position within the NVB. For example, the supply to the rectum tends to be located in the posterior and posterolateral sections of the NVB. The levator supply generally is found within the lateral pelvic fascia, while the cavernosal nerves and prostatic supply tend to descend along the posterolateral surface of the prostate. However, from the mid-prostatic level to the apex of the prostate, the cavernosal nerves take a more anterior course within the NVB. Based on these findings, the cavernosal nerves are thought to form a sheet of neural innervation extending from the anterior to the posterolateral surface of the prostate, as opposed to the original concept of two distinct bundles [Takenaka et al. 2004] . Others have found similar findings suggesting a more variable course of the cavernous nerve fibers along the anterolateral surface of the prostate [Lunacek et al. 2005] .
As a result of these recent neuroanatomic studies, modifications have been made to the technique of RALP in efforts to optimize quantitative preservation of cavernous nerve innervation to the penis. In addition, the increased visual acuity and anatomic detail achieved with the 10Â magnification offered by laparoscopy and especially the high-definition image available with robotic surgery has provided an opportunity to improve the precision of anatomic nerve-sparing surgery. The current technique involves incision of the prostatic fascia along the anteriomedial border of the prostate as opposed to the standard release of the NVB along the posterolateral surface ( Figure 1 ). Once the levator fascia is divided, the interfascial plane between the levator and prostatic fascia is developed in a posterolateral direction thus releasing the putative NVB located at the 5 and 7 o'clock positions of the prostate along with the accessory nerves located within the anterolateral periprostatic fascia. Nerve staining of this periprostatic fascia would suggest that there are indeed nerves present traveling within this tissue [Tewari et al. 2003 ]. This dissection is extended from the base of the seminal vesicles towards the prostate apex preserving a broad sheet of neurovascular and periprostatic tissue. controversy remains regarding the true significance of these nerves as compared with the more dominant and established NVB located along the posterolateral border of the prostate. Some have suggested that these accessory nerves may innervate the prostatic capsule or other structures and that the periprostatic tissue may serve only as a physical handle to allow for more meticulous dissection of the true NVB located posterolaterally. Nevertheless, it is well recognized that any attempt at improving quantitative cavernous nerve preservation is beneficial from the standpoint of postoperative potency. To this end, some have advocated performing an intrafascial dissection and releasing the NVB one layer closer to the prostate surface than the interfascial approach (i.e. dissecting between the prostatic capsule and prostatic fascia) [Stolzenburg et al. 2006 ]. It should be advised, however, that this modification of cavernous nerve preservation is best suited in patients with low-volume, low-grade and low-stage cancers where tumor at the periphery is less likely and in whom a positive surgical margin is less likely to occur as a consequence of more extensive NVB preservation along the surface of the prostate.
Damage to the NVB can occur because of many factors including direct transection, entrapment in a suture or clip, or stretch injury. Recent studies have confirmed that thermal energy used during dissection of the NVB can also be detrimental to cavernous nerve function. Animal work in a canine model by Ong and colleagues in 2004 demonstrated that the postganglionic parasympathetic cavernous nerve fibers are highly susceptible to thermal injury whether caused by monopolar/bipolar electrocautery or ultrasonic scalpel applied in close proximity to the NVB [Ong et al. 2004] . Clinical studies also support these initial animal studies in that short-term potency outcomes appear superior in patients where thermal energy is avoided during dissection of the NVB [Ahlering et al. 2005 ]. This same group, however, found that long-term (>2 years postoperatively) potency status can be recovered in many patients in whom electrocautery was used during NVB preservation, suggesting perhaps a neuropraxia rather than an irreversible thermal injury [Ahlering et al. 2008] . Despite these results, it appears prudent that optimizing qualitative cavernous nerve preservation would include attempts at avoiding the use of any thermal energy during dissection of the NVB. As such many surgeons have modified their approach to RALP including the minimization of thermal energy and if possible complete avoidance especially during the specific steps of NVB preservation. In lieu of electrocautery, hemoclips are the preferred technique for the management of bleeding around the prostatic pedicles and NVBs. Others have advocated use of bulldog clamps to temporarily control prostatic blood supply. Following division of the pedicles with cold scissors, the pedicles are subsequently sutured prior to release of the bulldog clamps [Gill et al. 2005 ].
The largest published reports of patients undergoing bilateral nerve preservation during RALP demonstrate potency rates (defined by intercourse) that are excellent and comparable to published reports of experienced centers in open RRP (Table 2) .
Reconstruction of the vesicourethral anastomosis
Postprostatectomy urinary incontinence continues to represent a major morbidity, affecting patient quality of life and increasing the cost of care following surgery due to secondary therapies. Continued efforts have been made to promote early return of continence by means of Therapeutic Advances in Urology 1 (5) modifications to surgical technique. Recent technical changes have been made in an effort to restore the functional anatomy of the vesicourethral anastomosis as close to the presurgical state as possible. Integral to this restoration is the 'Rocco stitch', which serves to reconstruct the posterior aspect of the rhabdosphincter. Described by Rocco et al. [2006] , the 'Rocco stitch' reapproximates the urethral sphincteric complex from the bladder by joining the posterior median raphe to Denonvillier's fascia and subsequently attaching this to the posterior bladder wall. This helps to prevent caudal migration of the median raphe and provides posterior support to the sphincter. In addition, this modification significantly reduces tension at the vesicourethral anastomosis and may help prevent disruption of the anastomosis in the setting of a pelvic hematoma. In their study this technical modification, which they originally applied to open RRP, resulted in significantly earlier return to continence compared with standard anastomosis without reconstruction. At 3, 30, and 90 days after catheter removal, 72%, 79%, and 86% of patients in the group who received the 'Rocco stitch' were continent compared with 14%, 30% and 46% in the standard RRP group. Despite a more rapid restoration of continence, it should be noted that long-term continence rates at 360 days did not differ significantly (95% and 90% in modified and unmodified RRP, respectively) [Rocco et al. 2006 ]. This suggests that the Rocco stitch may promote an earlier return to continence more so than an improvement in overall long-term continence.
This modification has been applied to the RALP, helping to restore presurgical anatomy while adding very little complexity and time to the procedure. A running continuous absorbable suture is used to reapproximate the remnant Denonvillier's fascia, posterior detrusor and posterior rhabdosphincter prior to completion of the vesicourethral anastomosis ( Figure 2) . Although the exact mechanism of the 'Rocco stitch' remains unclear, suggested mechanisms include re-establishment of the posterior anatomic support to the bladder and urethra improving urethral coaptation during voiding, reduced tension at the vesicourethral anastomosis and increase in the functional length of the striated urethral sphincteric complex. Resuspension of the anastomosis and distal bladder neck to the arcus tendineus is used by some to restore anterior urethral support and preserve the vesicourethral angle [Tewari et al. 2007] .
Although the method used to evaluate continence in reported series varies between published reports, the recovery of urinary continence is excellent at 1 year following RALP (Table 3) . More recent reports of techniques that provide both posterior and anterior support to the vesicourethral anastomosis report even further improvements in urinary continence especially at earlier time points. In a study from 2008, Tewari et al. compared patients undergoing RALP with no reconstruction (group 1), anterior reconstruction (group 2) or total reconstruction (anterior and posterior, group 3) of the vesicourethral junction. At every time point, the percentage of patients with continence, defined as using no pads or one liner for security only, was significantly better (p < 0.01) for both anterior and total reconstruction compared with the control group. In addition, the median time to continence was only 3 weeks for the total reconstruction group versus 4 weeks for the anterior only reconstruction group. Patients undergoing total reconstruction had a 97% probability of regaining continence by 6 months after prostatectomy [Tewari et al. 2008a ]. In sharp contrast to this observational study, Menon and colleagues found no significant benefit to their modified combined anterior and posterior reconstruction of the vesicourethral junction in a randomized prospective study [Menon et al. 2008 ]. Using conventional (01 pad) and strict (0 g of urine by weighed pads or report of zero pads) definitions of continence, 74% versus 80% (p > 0.1) and 47% versus 42% (p > 0.1) of patients undergoing no reconstruction versus modified combined reconstruction respectively were continent at 30 days postoperatively. The authors attributed this to an unexpectedly high continence rate in patients where no reconstruction was performed secondary to their vast (i.e. >3000 cases) experience with RALP. Despite these results, the authors continue to perform reconstruction of the vesicourethral junction as they have noticed a secondary benefit of this technique in reducing cystographic leaks. Although questions remain regarding the precise mechanism and relative effectiveness of total reconstruction of the vesicourethral anastomosis, many believe that these modifications at the very least reduce the distance between the bladder neck and urethra, facilitate completion of a tension-free vesicourethral anastomosis and decrease pelvic hematoma formation along the prostatic bed.
Conclusion
A decade has passed since the first reports of RALP in the urological literature. With greater experience, oncological outcomes have improved, although long-term follow up is still awaited. The field of urology has gained important insights into the potential mechanisms that are involved with postoperative recovery of potency and urinary continence as a result of pioneering work by several robotic centers in the US and other countries. As such, technical modifications have lead to improvements in functional outcomes following RALP that have improved Therapeutic Advances in Urology 1 (5) the quality of life of many men suffering from prostate cancer. Despite these advances and improvements in surgical technique, further studies and research are required. These efforts should target novel methods of providing patient-specific or tailored surgical care based on risk categorization in an effort to further improve the trifecta of optimizing cancer cure, sexual potency and urinary continence for a broader group of men who choose to undergo surgical treatment for prostate cancer.
